Abstract-A low frequency soundproofing cement based material has been developed in this study. This closed-cell composite material basically consists of a cement matrix embedded with in-house developed Cement Spheres (SC) and Cement Hollow Sphere (CHS) or macrospheres. The produced foams known as Cement Syntactic Foam (CSF) were characterized for its' properties including stress-strain behaviour. Acoustic Transmission Loss (TL) test was conducted on two types of CSF, namely CSF-CS and CSF-CHS and the results were compared to plain cement (PC). It was observed that the CSF showed a good mechanical properties and better sound TL in a low frequency range. The significant improvement in the TL was shown by CSF with incorporating CHS. However, no significant increase in the TL was observed with the increasing sample thickness. Overall, it was discovered the produced CSF has potential in the application of lightweight soundproofing material substituting common barrier material.
I. INTRODUCTION
The study of acoustic insulation in a building are commonly attempted to determine sound transmission loss (TL) through different structural design. Common barrier materials used in structural design to impede exterior noise are gypsum board, plywood and concrete. Most of the studies in the literature are focussing on the construction of these materials that usually comprise one or more layers board on each side [1] - [4] . To improve the sound insulation, the installation of sound absorbing materials in the partition cavity was studied [2] . Presently, many researches are being conducted from the viewpoint of constructing the structural design within a building walls, but few have paid attention to enhance the TL by incorporating smart materials. This study is carried out to develop innovative closed-cell cement foam known as cement-based syntactic foam (CSF), as a soundproof material.
This totally closed-cell composite material basically consists of a cement matrix embedded with in-house developed macrospheres. The macrospheres in the CSF can avoid the air-borne sound from passing through since the foam cell wall are enclosed by rigid shells. Thus, this closed-cell foam have a great potential as a sound proofing material compare to cellular cement foam, that normally have low damping due to the open and interconnected cell structure. The adding of macrospheres also helped in reducing weight, thus lower the density . Unlike other assembly wall materials, the CSF does not rely on the mass law . The mass law equation [3] , predicts that each time the frequency of measurement or the mass per unit area of a single layer wall is doubled, the TL increases by about 6 dB. The mass per unit area can be increased by increasing thickness or by selecting a more dense material. However, this study found otherwise and similar observations were found in a closed-cell aluminium foam [4] , [5] .
Therefore, in comparison to conventional concrete, the CSF has the advantages of low density, low water absorption, good mechanical strength and damping properties. Moreover, the addition of macrospheres, provide better energy absorbing mechanism, thus improving the compressive toughness of the system. Because of its special feature, this study was carried out to study the potential of the prepared CSF in sound proofing application.
II. EXPERIMENTAL

A. Materials
Portland cement type I manufactured by CIMA Industries Sdn. Bhd. was used as the matrix. Clear epoxy resin (DER 331) and polymer hardener (Crystal clear 8161) formulated with 2:1 supplied by Euro Chemo-Pharma Sdn. Bhd were used as the epoxy coating system for expanded polystyrene beads (EPB) during the preparation of macrospheres.
B. Preparation of Macrospheres
Two types of macrospheres were prepared in this study, i.e. cement sphere (CS) and cement hollow sphere (CHS). EPS beads with ranges of sizes (3-4.5mm) were used as intermediate materials to develop the spheres. The epoxy resin system prepared as mentioned above was mixed together with the EPS beads in a ratio of 1:30 by volume. They were continuously mixing initially until all EPS beads were fully coated. Then, they were transferred onto a tray filled with sufficient amount of cement powder and quickly the beads were separated from each other. This step ensured that the uncured epoxy-coated beads was fully coated with cement powder and thus prevented the beads from clumping each other. These epoxy-cement coated beads were then cured in an oven for 15 minutes at 80°C. At this stage, the produced sphere together with the EPS beads within the shell were designated as cement sphere (CS). While for the production of cement hollow sphere (CHS), the produced CS were subjected to post-curing process at 120°C for a further 60 minutes to shrink all the EPS beads. 
C. Cement Syntactic Foam (CSF) Preparation
The shape and dimensions of cement syntactic foam (CSF) samples were prepared according to testing procedures that are going to be submitted to the samples. Particularly, cylindrical samples (100 mm diameter and 150 mm high) were prepared for the acoustic characterisation and square samples (70mm×70mm×70mm) were meant for compression test. The fabrication process consists of mixing cement and water in a ratio of 0.6 and stirring them until a uniform mixture was obtained. The macrospheres were then filled completely into a pre-determined steel mold and then transferred into a container. A sufficient amount of cement mixture was then poured into the container. The mixture was gently stirred to avoid breakage of the macrospheres and to obtain a uniform dispersion of the macrospheres in the cement matrix. Then, the mixture was poured back into the steel mold. A constant pressing force was applied by loading onto the mold lid with a standard weight (1 kg) to maintain the macrospheres in their well-dispersed state. The samples were cured at room temperature for 24 hours and subsequently removed from the mold.
For the acoustic test, the cylindrical samples were sawn into samples with different thicknesses (10, 20 and 30 mm), while for the compression test, the samples were aged in a tap water for 3, 7, 28 and 90 days. The sample mix with CS and CHS were named as CSF-CS and CSF-CHS respectively. 
D. Acoustic Test
Acoustic insulation measurement was implemented by utilizing a methodology based on ISO 10534-2. A four microphone transfer function method was used through the application of impedance tube to determine Transmission Loss (TL). The impedance tube was made of two cylindrical PVC tube having inner diameter of 100 mm, with a sample holder at its middle position as shown in Fig. 2 . Two sets of microphones were positioned in the upstream and the downstream of the tube, with a specified distance according to the working frequency. A four channel oscilloscope has been utilized to record the signal from the microphones which was connected to a computer for signal processing. 
E. Compression Test
The compression tests were carried out using a Universal Testing Machine model UHF-1000kNI on 70x70x70 mm 3 cubes samples. BS standard EN 679 was adopted to measure the compressive strength. The rate of cross head movement was maintained at 0.5mm/min. For each type of cement syntactic foam, at least four samples were tested.
III. RESULTS AND DISCUSSIONS
The average density of the CSF is 895.7 ± 26.0 kg/m 3 while, the measured density of plain cement (PC) is 1635 kg/m 3 . In this study, the density of CSF-CS and CSF-CHS are assumed to be the same as the expanded polystyrene beads (EPB) in the CS, with its low mechanical properties, does not contribute significantly to the mechanical properties of the composite [6] , thus giving very little or no effect to the density of the CSF.
A. Compression Test
A comparison of variation in compressive strengths after 3, 7, 28 and 90 ageing days were given in Fig. 3 . The variation of compressive strength with ageing period shows that there is a continuous increase in the compressive strength up to 90 days but the rate of gain in compressive strength varies slightly. This phenomenon may be due to the compatibility between the CHS and the matrix as they are made from the same material and in constant volume fraction throughout the experiment. 
B. Stress-Strain Curve
The compressive stress-strain curve of the CSF is shown in Fig. 4 . It is observed from the curves that, CSF deformed elastically at the beginning until the stress reached the maximum compressive stress. After reaching the peak stress, the stress suddenly dropped and exhibited a plateau. This plateau region corresponds to the process of compressing hollow spheres during compression thus giving rise in energy absorption [6] , [7] . When significant fraction of the available hollow spheres have collapsed, further deformation results in densification and it is detected as visible upward trend of the curve. From the stress-strain curve above, it was found that, the addition of CS and CHS in the CSF contributed to better energy absorbing capability, thus increasing toughness of the system. Fig. 5 shows the sound transmission loss comparison among the plain cement (PC), CSF-CS and CSF-CHS having the thickness of 10, 20 and 30 mm. Apparently, the TL behaviour for the PC, CSF-CS and CSF-CHS exhibited similar pattern. The TL increment for all samples are approximately the same up to 300 Hz, before slightly decreasing above the frequency. However, it is clearly seen that the CSF-CHS shows significant improvement in acoustic insulation. Whereas, CSF-CS shows increment in TL for 10 mm sample thickness but exhibited more or less similar behaviour with the PC sample for 20mm and 30mm of the sample thickness. As the previous studies [8] , [9] supported by the mass law indicated that the TL increases in the dense material due to the high flow resistance, the present study found otherwise. The CSF sample, though having less density compared to the PC sample, showed better sound transmission loss. The closed-cell structure in the CSF, prevented the passage of air, giving high resistance to the sound wave to travel as well as the PC, but has compromised in the material density. While the significant improvement of the TL in CSF-CHS compare to CSF-CS, can be attributed to the present of open porosity combined with rough internal pore on its surface. The rough and porosity structure allows considerable sound wave dissipation via friction when it is in contact with the CSF-CHS surface sample, thus, giving rise in the TL as shown in Fig. 5 . Fig. 6 shows the TL of CSF-CS and CSF-CHS of different thicknesses. There is no obvious change occurred when the thickness was increased from 1 cm to 3 cm. According to the previous studies [3] , [8] , [9] , the addition of sample thickness and densities, can increase the surface density of the material which leads to the increase of the TL. However, the CSF already has reasonable sound transmission loss, and further increase in sample thickness would not have increased the TL significantly. Therefore, it can be deduced that both types of CSF were able to satisfy the effective demands of sound insulation requirement, when material economics are taken into consideration. The mechanical properties and sound TL behaviour of CSF has been studied. The addition of macrosphere in the CSF have advantages of low density, increasing the toughness and fine damping compare to PC. The sound TL performance of the CSF can be significantly improved by introducing open porosity and rough internal pores on its' surface as shown by CSF-CHS. While, the addition of sample thickness does not improve the sound TL, thus, considering practical application CSF of 10 mm can demonstrates good sound insulation. In conclusion, the CSF prepared in this study have potential as a low-frequency soundproofing lightweight material.
C. Acoustic Properties
